Background: A significant association has been identified between physical activity and proximity to greenways. However, residents more likely to be active may have selected to live near existing greenways. The purpose of this study was to determine whether development of a new greenway has the potential to increase activity levels of existing, proximate residents. Methods: In 2008, survey data were collected before and after 5 miles of greenway were added to an existing greenway. Results: When comparing residents living nearest (≤ .50 miles) the new greenway section with those living further (.51-1.0 miles), days spent walking and participating in moderate physical activity increased. Despite mean increases, no significant interactions were detected. Conclusions: Although evidence is inconclusive, apparent increases in walking and moderate activity suggest development of a greenway proximate to residents' homes is likely to have a positive effect on participation levels. Additional research is needed to address article limitations.
Obesity is a significant problem for Americans. Physical activity (PA) is a primary preventive mechanism for obesity, as well as an effective treatment. 1, 2 Many interventions designed to encourage PA have used the social ecological model to identify the best practices in PA promotion. 3, 4 According to the social ecological model, an individual's PA behavior is influenced continuously and simultaneously by intrapersonal, interpersonal, environmental and policy spheres. 1, 5 While research has investigated key correlates of behavior at each level, it has been argued that interventions which are implemented at the environmental and policy levels may result in the greatest increases in PA behavior. 6 This argument is predicated on the assumption that higher order changes will reach a broader population and can potentially provide benefits as long as that environment exists. Empirical research also indicates that environmental factors are indeed important factors for individuals' PA achievement. Multiple research studies have identified a significant positive correlation between the availability of parks and greenways and nearby residents' PA levels. [7] [8] [9] [10] Each of these studies concluded that proximate parks and greenways may increase PA among residents. However, researchers stopped short of concluding that proximate parks and greenways increase PA because of limitations inherent in the cross-sectional study design. Although a significant association has been identified, it is possible that residents who are more likely to be physically active selected to live near existing parks and greenways. The purpose of this study is to determine whether the development of a new greenway has the potential to increase PA levels among residents already living near the development site.
Methods

Data Collection
In early 2008, 5 miles of greenway were developed and added to an existing greenway along a river in a midsized Southeastern US city (population ~94,000). According to this city's own website, greenways "are open-space corridors reserved for recreational use or environmental preservation that connect urban centers." 11 Data were collected both before (2007) and after (2008) the development of the new greenway section following approval by the Institutional Review Board at the lead researcher's institution. Before data collection, the City's Planning Department provided researchers with a list of property owners who owned a single-family dwelling unit valued at more than $5000 and was located within 1 mile (Euclidian distance) of the greenway. Although it is not yet known what buffer size is the most appropriate for assessing walkability around homes 12 a comparison of those living within 1 mile was selected because this distance has been used previously in other physical activity research. [12] [13] [14] Approximately 600 property owners were randomly selected from households living within .50 miles (n = 597) of the greenway. Another 571 owners were again randomly selected from households within .51 and 1.0 miles of the greenway. Using a modified Dillman's approach, a cover letter, survey and postage paid business reply envelope were mailed to these 1168 households during the first week of December 2007, immediately before construction on the new greenway section. Reminder postcards were then sent 1 week later, followed by a second full mail out. Using identical mailing procedures, those who responded to the initial survey were then sent a follow-up survey 1 year later (2008), approximately 11 months following the opening of the new greenway section. This timing allowed for seasonal consistency and also allowed respondents to adjust to the new greenway, in an attempt to negate behavior changes due to novelty. The initial predevelopment survey was sent to 1168 residents. 368 returned a completed survey for an initial response rate of 31.5%. The postdevelopment survey was sent to those 368 residents, of whom 166 residents returned a completed survey. This resulted in a response rate for the postdevelopment survey of 45.1% and an overall response rate of 14.2%, reflecting those respondents from the initial sample who completed both the predevelopment and postdevelopment surveys. Nonrespondent bias checks were conducted with telephone interviews. Fifty proximate residents who were interviewed via phone (but did not respond to the predevelopment questionnaire) had significantly different household incomes, length at their residence and interest in being active at a greenway compared with proximate residents who completed both surveys. Nonparametric statistics indicated no differences between responders and nonresponders with regard to park visitation or physical activity in the 7 days before survey data collection.
Instrumentation and Operationalization
Of relevance to this study are sociodemographic questions, measures of physical activity behaviors and the distance between respondents' home and the proposed/ built greenway section. Sociodemographic measures used for this study included gender, age and annual household income. Responses for gender consisted of "male" and "female" while age and income were both open ended questions. On both the pre and post surveys, respondents were asked to indicate "In the past 7 days, how many days did you . . ." a) "walk for at least 30 minutes," b) "participate in moderate activity for 30 minutes or more (requires small bursts of energy, such as softball, hunting, and dancing)," and c) "participate in vigorous activity for 20 minutes or more (leads to heavy sweating and breathing, such as swimming and aerobics)?" These definitions were selected to facilitate layperson understanding and to coincide with then current (2007) CDC/ACSM physical activity guidelines for activity duration and intensity. 15 The representative activities (ie, softball, hunting, dancing, swimming, and aerobics) were selected because they matched the appropriate metabolic equivalent (MET) associated with moderate (3.0-6.0 METS) and vigorous (>6.0 METS) physical activity intensities. The Euclidian distance between residence and the proposed/built greenway section was determined by the City's Planning Department using GIS.
Analysis
Analysis proceeded in 3 steps. First, the characteristics of respondents and their PA levels before and after the development of the greenway were identified. Next, a series of paired t tests were performed to determine whether respondents' PA levels increased following greenway development. Lastly, repeated measures analyses of variance (RM-ANOVAs) were conducted to determine if respondents living more proximate to a greenway (within .50 miles compared with between .51-1.0 miles) were significantly more likely to report increased physical activity behaviors (walking, participation in moderate activity and participation in vigorous activity) following the development of that greenway.
For the RM-ANOVAs, the independent betweensubjects variable was whether the respondent lived within .50 miles or between .51 and 1.0 miles from of the greenway expansion. The independent within-subjects variable consisted of 2 time periods, one before the development of the greenway and the second approximately 1 year after the development. The dependent variable for each RM-ANOVA consisted of the number of days during which each physical activity behavior was achieved by the respondent: at least 30 minutes of walking, at least 30 minutes of moderate activity, and at least 20 minutes of vigorous activity.
Results
Characteristics of Respondents
Respondents (n = 166) consisted of 47.6% males and 52.4% females with 10.4% who were 30 years of age or under, 45.4% ages 31 to 50, 35.0% ages 51 to 70 and 9.2% over 70 years of age. Approximately 90.2% of the sample was Caucasian, 6.1% were African American and 3.7% classified themselves as Hispanic/Latino or Other. Almost two-thirds of respondents reported annual household incomes of between either $15,000 to $45,000 or $45,001 to $100,000 (30.7% and 32.1%, respectively), while 14.7% of respondents reported an annual household income under $15,000 and 17.3% reported earning more than $100,000. About one-fourth of respondents (26.5%) had lived at their current residence for 4 years, 24.1% had lived there between 5 and 10 years, 25.3% had lived there between 11 and 20 years and the remaining fourth (24.1%) had lived at their current place of residence for somewhere between 21 and 80 years. Based on Euclidian distances between respondent residence and the new greenway, 56.0% of respondents lived within 0.50 miles of the new greenway and 44.0% lived between 0.51 and 1.0 miles from the greenway. See Table 1 for a complete summary of the demographic characteristics of respondents. Before the greenway was developed, respondents, on average, reported walking 2.9 days, participating in moderate activity on 1.7 days, and participating in vigorous activity 1.3 days during the 7 days before completing the questionnaire. After the greenway was developed, respondents, on average, reported walking 3.3 days, participating in moderate activity on 2.3 days, and participating in vigorous activity 1.8 days during the 7 days before completing the questionnaire (see Table 2 ). 0  23  15  12  11  39  31  16  15  42  37  26  19  1  18  12  12  13  11  9  25  22  14  12  18  22  2  12  6  12  12  17  13  10  8  15  12  20  15  3  15  15  12  6  7  10  18  13  13  5  15  9  4  5  2  16  10  9  6  9  6  4  2  9  2  5  11  13  8  9  7  2  11  5  4  1  4  2  6  6  5  4  5  0  1  3  0  0  1  1  0  7  13  5  19  8  4  2  3  4  2  3  2  4 Note. 'Proximate' is defined as less than .50 miles from the greenway. 'Nonproximate' is defined as between .51 and 1.0 miles from the greenway. Physical activity behavior data were collected for the 7 days before data collection both pre and post development of the new greenway section.
Understanding Respondents' PA Behaviors
Repeated-measures ANOVAs were conducted to determine if residents living proximate to a greenway increased their physical activity behaviors following the development of that greenway more than residents living further away. The means and standard deviations for the physical activity behaviors of respondents are presented in Table 3 . Although the increase in mean scores for the number of days residents had walked at least 30 minutes that previous week appears greater for those residents living more proximate to the greenway (a .48 day increase for those living within .50 miles compared with a .26 day increase for those living between .51-1.0 miles), a significant interaction between greenway development and residential proximity was not detected for walking (Wilks's Lambda = .995, F(1, 164) = .832, P < .363).
Similarly, no significant interactions were found between development and proximity for days of moderate (Wilks's Lambda = .997, F(1, 165) = . 509, P < .476) or vigorous activity (Wilks's Lambda = 1.000, F(1, 165) = .002, P < .962). However, gains in moderate activity again appeared higher for those living closer to the new greenway development (an increase of .63 days compared with .48 days for moderate activity while gains in vigorous activity were similar (both with an increase of .46 days). RM-ANOVA results are presented in Table 4 .
Discussion
Increases were observed in the mean number of days on which respondents walked or were moderately active up to the full 1 mile measurement buffer. As such, it appears that the development of a greenway proximate Note. The means and standard deviations reported here represent the number of days during the past week in which the respondent participated in these activities.
Abbreviations: SD, standard deviation.
to residents' homes is likely to have a positive effect on participation levels in walking and moderate activity. However, given that no significant interactions were observed when residents living within .50 miles of the greenway were compared with those living further away (between .51-1.0 miles), the results do not provide conclusive evidence that building a greenway within half a mile of residents' homes is more likely to result in an increase in their physical activity behaviors than building one within .51 and 1.0 miles. One plausible explanation for the lack of significant findings among the 2 groups' walking and moderate activity behaviors is that the distances used for the comparison groups were not noticeably far enough apart to allow for the detection of a statistically significant difference.
Findings from this study therefore provide optimism for community professionals interested in improving the physical activity behaviors of their residents through environmental changes, such as the development of greenways near residential homes. With regard to the similar gains in vigorous activity following the development of a greenway we expect that those residents taking up vigorous activity are likely to be more serious about their physical activity and therefore more willing or able to negotiate the constraints or barriers of living further from an appropriate location. In addition, because individuals engaged in vigorous activity are more likely to cover more ground, the physical difference between the 2 groups may not been large enough to be perceived as a constraint or barrier. Another possible consideration as to why significant differences were not found between the 2 groups include that additional environmental variables, such as the design, aesthetics or safety of the greenway, may have mediated greenway participation. In addition, a weakness of the existing literature on distance-based park and greenway research is that Euclidian distance does not always represent cognitive distance or access. 13 Lastly, one must consider that the results may have been biased if residents who were more likely to increase their physical activity over the previous year were more likely to respond to the follow-up survey.
To address the above study limitations, several recommendations are suggested. The first recommendation is to replicate the study with groups of residents who reside further apart. Secondly, perhaps residents accessed or perceived they had access to different portions of the greenway. As such, additional variables might be included that take design, aesthetics and safety into consideration. Third, perceived access should be investigated to determine the appropriateness of Euclidian distance as the most appropriate method of measurement for this type of research. Fourth, similar research is needed to test the impact of developing parkland on the physical activity behaviors of proximate residents. As such, research should likewise be undertaken to determine the impact of developing physical activity facilities, including parks, greenways and both public and private recreation centers, proximate to places of employment. Since this research focuses on adults, the fifth recommendation is to conduct additional research on the impacts of publicly available spaces which promote physical activity among youth. In addition, research is needed to help us understand the effect of establishing a network of greenways, particularly those that link people to destinations they already visit.
Lastly, the results of the study are limited due to the definitions of moderate and vigorous physical activity that were used. Following the development of this study, the CDC/ACSM recommendations for physical activity have been modified. While the intent of the definitions used was to assist laypeople who were having trouble understanding the concepts of moderate and vigorous physical activity, the researchers acknowledge that the use of the phrase "requires small bursts of energy" may have been problematic for those who were active at a consistent pace (for example, jogging). However, given that the same definitions were given to participants in both the predevelopment and postdevelopment survey instruments, the bias between respondents is unlikely to have affected the results. Instead, the interpretation of their meaning should consider how the definitions were presented to respondents.
Despite the limitations of this study, findings are some of the first to examine outcomes associated with new facilities among residents already entrenched at proximate home sites. As such, they provide a basis upon which additional research can be developed to further elucidate the effect of developing public physical activity areas, such as greenways or parks, on residents living proximate to the new development. Further, results contribute to the body of evidence needed to assist city planners and recreation professionals responsible for community park and greenway planning.
